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10

HRNENRN

1.1 0O000ogon

goboogbooogobbogboobobobboooobooboobboon
gboodgobuodguboooboobboobooobboobboobuoooobon
gbboobbobudgobuooboboobouobbbobbobdooboobaon
gboboobogobboobuoguoogbbbbooboobooobbobooobd
O00000ooooooooooooooo (1,90

0000000 11000000 p00000000ooooo pPo0OOOOOOO

: Transform

0110000000

ooobobobobobobboodb pnO000obO0o0OoboooobobOoooDon
OO00PLODPnOODOO POODOODODO

000000000000 0O00000000O0O00 Burstall & Darlington(1977) O
gbooodgbbobodobuogooboobbodobooooobooobooboag
0000000000000 0000000000000 1000000000 (Partial

1



Evaluation), D00 00 OO (Super Compiler) 00 0000000000000 O0OO
0 [3, 15, 9]0

00000000 0Burstall & Darlington 00000000000 (definition)0 0 O
000 (folding)DO O (unfolding) OOOOOO0OO0OO0O0O0O00OOO0OOO (composition
strategy) 00 000 Q0000000000000 O0O0OOOOOOOODOOOOOO
gboboobuogodobooboobuoobobbooobuooobuoooboobobon
gbuodbobodboobbobbdooobboobooboobboobbobbod
gbobobogbobboobbobodabbuodoboogbuooobuaonobooobobon
gboboboogbobobooobbooogoboboooboboaon

gbobgogbobooboobboobuooooobbooobbuoobboooboaon
gboooobobbboobbbooobbbooobbbbooboboobbboo
gbouodgobobbogobbuooobobbobboobboobuogbobboobbon
gobodogobooooougbuoooobbobbooboubbbodgboogobobon
gboboooobbdobuooobboooobbbooobbobbooooobod

00000000000 000000000000000 Wadler(1990)0 00000
(deforestation) O 00000000 O0ODO [16)000000000O0DOOODOOOOOO
gbuoogbuogbboobbbooobuboobobuooobaoboboobbon
gboboboobuogobboudbouobboboodgbooobobobobooboon
goooobboobobobbobobbbobbbboououdodouoooooooobo
gutdbgboboobbodgbboobodoobbbobdoobobobobodobbod
gboobobdgobbboooobbboodgbbbooago

OOD0OoDO00b0O0oobooboOOWadleeDOOOOOOOoOoOUOOooOOobOOoOO
0000000000000 0000000000000000 (blazed deforestation) O
00000000000 0000000000000 00ooO0O0oOooooooo
0000000000000 00000000000D000 S¢rensen(1994)0Seidl(1996)
gbogboobbbuodgbbdooboobbboboobboobooboboobobon
00 [14, 13|00 0000000000000000000O00000 20000000
gboboogdbobobobooobbuoobbuooobooobbobboboboboa
goboboogooboooooboon

0000000000 (1997 0000000000000000000DODOOOOO0



O000000000000000 RUOO0OO0O00OD0O000D000000D0 GoferO0O
gbbooooobbbooodgbbodan

0000000000000 00000O00000 (lazy evaluation) 00000000
O00000000000000000 (eagerevaluation) 0000000000 OOOO
gbobobooobobbbuodggobboogobobboooobobobooogd

00 (1998) 0 0000000000000 00O00D0bOoO0 (DooooooOoo
O00000O00O0O0O0O0O0O0OO0ODO)000D0OO0DODODOODOODOOOODOOOOO 1010
gboodgboodbogbboubbobuogoobogbbobbooaboobobod
gboboobogboboobbuoobbugooboooogbooboobobobon
goobooooobodao

OO000D00000O0WadlerOOOOOOOoOOoOooooooooooooboon
gobbobboobuooobagbbooboobbuooboboooobboobg
gouuobuodbogobuogbbuodgbuoobouooooobboabobogod
gbooggobodbogbboouogboboboobboobooooobuooobon
gobobooooboobood

1.2 0O

g2000000000000bbbboobbbbo3sgooobboobbboaoad
gbooggobuodoboobuogobuooob40bod 3gobuoooboobbon
gbooobabbbboobuooobooobobosbugboodgbooboobbon
gboobooodood



20

L O

O000ofe 6000000000000 0O0ODOOOODODDOODOOODOOOOOOO
gbooogo

21 0O0O0O0OOO

00 2.1.1(0) 0000000000000 OODODO0OO v, ¢, fO0O00O00O00OO tO
gboboboodgodgod

t o= w (00O)
| ety tr) (0000O)
|ty t) (0o0O)
| pr(ty, ..., tg) (Doo0O)
| casetoof p; : t1|...|pn : t, (casel)
p Y c(v1,v2, ..., V) (0000O)

00 Ocase 00 k>1000p, = t,000 (branch) 000 O
00 2.1.2(0000000) 'a0000 (type variable) 000 00000000000
000000000000000000000

‘adata < ¢ (0oooo)
0 | e(ay,....) a,adatay,... adata,) (0O0O0O0O)

OO0m>100000000000'ay,...,)a,adatay,..., adata,, 0000000

4



0211 (0000000000) 0DO0D0D0O0OOODODOO0D0OO0DO0DO0O0DO0DODDOOODOOO
g d

'alist = Nil

| Cons('a, 'a list)

0212 (0000000000) 00000000O0ODOOOO0O0ODO0DOOOODOOOO

'atree = Leaf(z)

| Branch('a tree, 'a tree)

00 21.3(0000000000) 00000000000 +«0000000O00 case
gbbogobbbobobbbd casebbOUoobbooobboobbboogn
gobooboobod

f(’l)l,’UQ,.--,’Uk):t
00 2,14 (0000) 00000 case0000ODOODODODOOOODO

00 2.1.5(0000) case 000000000000 OODOOOOOOOODOOOO
0000000000000 00000000¢ 000000Oe(ve,vp)OOOOO
O0vqg = (va,ve,---,v¢,) 000000000000 0000OC0COOO0OOvp =
(vp,,vp,,-..,vp,,) 00 0000000000000 0OO0OCDOOOOOOO

f(v1, 0200, Uk, Upg1, Vpy2) = Case vgyg of
c1 = 11

|02(Vd;VD):>t2
D000 w0000 case0 00 00O0O0O0ODOOOO0OOODOOOOO

gobogbdbogobooobbooobobuoooobboobobooboonbooba
gbbbboodgdgbdgoooobbboodoobbboooobboooobbbob

00 2.1.6 (0000) O (value) 00000000000
vooooooooovoooooo
000 ty,...,4000000000 cty,...,t4) 000000

5



00 217 (00000C0000) 000000000 0D0ODOODODODOOOOOOOOO

eager

(goooobbod =000d

1. 00

o f(ty, ... ty) [tz ... e/t
Oty,..t, 000 O0f(zy,..2) =t 0000000000000 0

ecase Vof py= ty|[po= to|...|pr= ta "> [Vi/a1,...,Vi/zi]e:

OVvoooooovV=c«V/,...,V)),pat; = ci(z1,...,2,) 000000

eager

eletu; = VinM “% [V/w)MOVOOOOOO

eager eager eager

e 04070, 0411, ..., 34+5°47g,...
¢ 0x0° 70, 0x1° %70, ..., 3%x5" %15, ...

gob sbbuodl gy bbougagobban

cager | true U yUOOOOON

TNy =
false OO0
.
cager | Jalse zO yOOOO0O0OO0
zVy —=
true 0O 00O
.
eager | true 0O yO 00000000
Z’Sy—>

false OO0

cager | true yU x0O0O0OOOO0
r>Yy —
false OO0

cager | true x0O 0000
- r —
false 00000



2. 000

e IO O
M eageT M,
o(My, ..., My) “E" (ML, ... M)
M; “%57 M!
c(Vl,...,V_l,Mi,M,-H,. ,Mk)
eageT (‘/17'"7%*17M£7Mi+17"'7Mk)
0Vv,,...,V,,00000000000

o 1010
M eageTM,

f(My, ..., M) " f(M], ... M)
M' eage'r M,
f(Vl, vy Vicy, My, My, ... ,Mk)
(Vi Vi, M, My, .. My,)
Ov,...,v,,00000000000

e casel]
M ¥ M
caseMofp; = t1 |pa= ta|...|px = t
Y caseM'of py = ty |pa = ta ... | pr = th
o [et[]
AT

letu; = Min N ‘%" letu; = M'in N

00 21.8(000000000) 000000000000 000000000000
ODO00000 000000000000

1. 00
laz
o f(ty,...,ty) = [ta)my, ... )zt
O f(zy,..z) =t 0000000000000

e case Vof py = t1|p2= ta|...|ppr = t a2y Vi/x1,...,Vi/zele;
OV =c(V/,....,V]),pat, = ¢;(z1,...,2,) D00 00O O



oletu, = VinM "2 [V/u M

¢ 0400, 0411, ..., 3458 ...
¢ 000, 0510, ..., 3%5"“F 15, ...

gob sbbuodl gy bbougagobban

lazy | true U yOUOOOOOO
TANY —
false OO0

lazy | Jalse z 0 y0000000

zVy —
true 0O 0O
°
lazy | true O yOOOOOOOOO
$§y—>

false OO0

lazy | true yd 000000
r>y —
false OO0

lazy | true xUO0O000
—r —
false z0O0000OO

2.000

e 00DDO
M M

lazy

pT(M, N) — pr(M’,N)

laz
N = N
lazy

p’f‘(V,N) = pr(V)N’)
Ovooooooooooo




e OO
M, "
oM, M) S (M. M)
M; " M
c(vlw")‘/;fl;MhMi«Fl)"'7Mk)
fazy c(Vi,. .., Vieo, M, My4q, ..., My)

OV,...,v,.,, 00000000000

e casell

laz
M M

caseMof p; = t1 |pa= ta|...| ok = t

1
ZycaseM’ofplj ty|p2= ta|... | o= tk

n <n

00 219 0000000—-,=-00000000000
t>¢ .+00000 n00000 ¢¥O000000
t=%¢ .+00000 0000000 0000000

U213 00000000bbbo0uooobobbooooonbonobooaon
gooood

flz) = z2+3
ff(zy)==
g(z,y) = casez of
true : y
false: f(2)
gg(z) = casez >0 of
true : gg(xz + 1)
false: false
h(z) = h(z + 1)

goboooboogoo



eager eager

e case true of 3—2 1020000 0
true : 3—2
false : 4 -2

lazy lazy
case true of —3-2

1020000 0O
true : 3—2
false : 4 -2

eager

guz2000d
gbz2u000d

° f(5) eage'r 5 + 3
F(5) ¥ 543

lazy

eager

g(false, f(7)) L7 g(false, 7+ 3) g(false,10) “%E" casefalse of

true @ 10
false: f(2)
LT 2) 243 ¥ 50600000
g(false, f(7)) Y case false of fazy f(2) = T S
true : f(7)
false: f(2)
400000
o ff(true,gg(3)) L ff(true,case 3 >0 of
true : gg(3+1)
false : false)
U ff(true, gg(3 +1)) X" ff(true,gg(4)) .. 0000000
[ f(true, gg(3)) Y rued 0000 O
o h(3) ‘Y n34+1) “E p4) Y ..0000D00O0
R(3) " h(3+1) =T h(3+1+1) < ..0OoOooood

22 0O0OOO0obooOoon

goboogobuogbobooobobbobobobuoobooobooboboon
gbobogogbbogbbbboobbbuoooobbooobbbooabobaon
goboboogobbbooogbobod
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00 221 (00000000)0+¢000000000007O000000000O0
D000 TR 0000000000

00 2.2.2 2000 ¢t~¢, ¢t >¢Y000000000O0C
t~t «t000000000—+000000000
tCt o0tSp=¢ = p000 t =t

00 2.23(000000)0¢000 [{00000000000000000000
0000000000

000000000000

to C [tleD00000000

000t C [fe0000¢>)000000000

23 0O00O0O0OOOO

gboboobodgboogobbobooobboogoogbbogoboobobood
googobuodoboobboobuooobotboooboobuoooboobobon
gbbboodgbbbboooobbbouogbbbbooobbooao

00 23.1(0000) 0000000000000 OOOOOOO «¢000000O0
flzy,. ... z,) =1t

tt = v

| (et t)®

| (f(vvg, ..., 0v))®

| case vvg of py @ tty |...|pn : tt,)®
vUoon= v

e

| (f(vvr,. .., 00))®

| (case vvg of p1 : vuy |...|pn ¢ VV,)®

00000 (f(vvy,...,v)°000000

11



gdbboodobboobobooobbtbebboddbooobbuoddspbog
gogobdoubobtobuodidispbebbb0ooooobuoooobbboooobbo
gbobogoobgd

00 23.2((00000) 000000000000 OOOO0OODOOOOOOOO
gobobbobobobbdstdboboogoobobbooonobboboonobon

0231 (00000000000O0O0O0O0O) OOOOOOOOOOOO

sum
sSUm

sSUm x$s

sum
sum

sum' a xs

g00o0ogooouoouoog
int [tst — nt

sum' 0 xs

gobogobbodd edgobboogggd

int — nt list — nt

case zs of
Nil :a
Cons(z,zs) : sum’ (a+ z) s
squares gooooodod 20000
squares int list — int list
squares s case zs of
Nil : Nil
Cons(xz,xzs) : Cons (square z) (squares xs)
upto mUO0O0 000000000000
upto it — int — nt list
uptom n case (m > n) of

True : Nil
False : Cons m (upto (m + 1) n)

12



00 2383 (0000) 0000000000000 0ODOO0OOUODOOUDODODOODODOO
gboobdd

(1) [ =
(2) ety t)] = o[- [4])
3) [ t)] = [tlta/z, - /2]
where f is defined by f(zq,...,2) =1
(4) [easewof iy ti]... I, : t,] = case v of g : [A]]..|#, : [4]
(5) [case c(ty,...,tx) of p)  th] ... |p, « th] = [tilte/ves - - -, te/vi]]
where pi = c(vy,...,vt)
(6) [case f(t1,...,tx)of P} ty]...|p), 2]
= [[case t[t; /vy, ..., te/vx] of Py oty .. |0l t ]
where fis defined by f(vy,...,vx) =1
(7)  [case (case v of py i t1|...|pm 1 ) of P o th] ... |p), 2 2]
= [ case v of
p1 : (caset;of py = ty|...[p), : th)
pm : (caset, of pi :t||...|p) :t))]
®) 191 = Sl [])
(9) [case f(t7,...,t7)° of p\ )] ... |p, i ']
= case f([tds- . [a]) of 74 [E11 - 6 4]
(10) [let v® = ¢§ int;]]
= leto® =[] in [t,]
(11) [case (let v© = t§ int;) of p) : t}|...|p, : ']

let v© = [[t§] in [case t; of p) : t}|... [P : ']

0 2.8.2 squares(uptoln) 00 0000000O0O0OO
[squares(upto 1 n)]

= [let u; = 1 in squares(upto u; n)]|

= let uy = [1] in [squares(upto u; n)]

= let u; = 1 in [squares(upto u; n)|] —(1)

13



[squares(upto u; n)]
= [case (upto u; n) of
nil : nil
cons(x,xzs) : cons (square ) (squares zs)]
= [[case (case (u; > n) of
true : nil
false : cons uy (uptou; +1n)) of
nil : nal
cons(z,xs) : cons (square z) (squares zs)]
= [[case u; > n of
true : case nil of
nil : nal
cons(xz,xzs) : cons (square x) (squares zs)]
false : case cons uy (upto u; + 1 n) of
nil @ nal
cons(z,xs) : cons (square x) (squares zs)]
= case [ui] > [n] of
true : [case nil of
nil @ nal
cons(z,xs) : cons (square x) (squares zs)]
false : [case cons u; (upto u; + 1 n) of
nil : nal
cons(xz,xs) : cons (square x) (squares zs)]
= case u; > n of
true : [nil]
false : [cons (square uy) (squares (upto u; + 1 n))]
= case u; > n of
true @ nal
false : cons [(square uq)] [(squares (upto u; + 1 n))]

= case u; > n of

14



true : nail

false : cons (square [Jui]) [letus = uy + lin(squares (upto us n))]
= case u; > n of

true : nal

false : cons (square up) letus = [uy + 1] in [[(squares (upto uz n))]
= case u; > n of

true : nal

false : cons (square up) letus = uy + 1 in h(uz, n)
= case u; > n of

true : nal

false : cons (square uy) h(u; + 1,n)

googod
[squares(upto u; n)]] = h(ug,n)
where
h(uy,n) = case (u; > n) of
true : nal
false @ h(uy +1,n)
000 (1)0
= let u; = 1in h(uq,n)
—h(1,n) 0000

[squares(upto 1 n)]] = A(l,n) 0000

15



1 30U

Juoooudbooodd

Wadler OO OO0OO0OOO0ODOOOOOOOOODOODOOOOODOODODODOOOOO
gbuoogobuogoboobbbobbbbuoobobbboooboboboobbod
gbouogoubbooggoogbbooogbboobooobouobooobooboon
gbobobooobobobooboboobobood

3.1 O0O0Ooooobooood

3.1.1 004

gogoooobobbbobbbbobuotugdoooooooobbbob 200000
gbobobodoobobbooooobbduooobobboooobd

0311 00000b00bu0oooooboggnbo

f(z) = case z of
Nil @ Nil
Cons(z,zs) : f(zs)
g(z,y) = Cons(z,y) OO0 O
[/ (g9(z,y))]
= [[case g(z,y) of
Nl Nil

Cons(z,zs) : f(zs)]

16



= [[case Cons(z,y) of

Nil : Nil

Cons(z,zs) : f(zs)]
= [f(¥)]
= [[case y of

Nil @ Nil

Cons(z,zs) : f(zs)]
= case y of

Nil : [Nil]

Cons(z,zs) @ [[f(z9)]
= case y of

Nil : Nil

Cons(z,zs) : h(zs)
guoooooooobboodgn
= h(y)
DO000[f(g(z,9)] = hly)
where h(y) = case y of
Nil @ Nil
Cons(z,zs) : h(zs)
z=loop 0 000000 O,y=cons 2N O 0OODO0O

gogd

f(g(loop, cons 2 Nil)) 2" .. 7

gaad

h(cons 2 Nil) “%" case cons 2 Nil of LT WNil) T case Nil of " Nil
Nil @ Nil Nil @ Nil
Cons(z,zs) : h(zs) Cons(z,zs) : h(zs)

gboboboogbbboooobobobboobobbuoooboboboon
gobobooobobooooobod

17



gooo

f(g(loop, cons 2 Nil)) " case g(loop, cons 2 Nil) of "% case cons(loop, cons 2 Nil) of

Nil @ Nil Nil : Nil
Cons(z,zs) : f(zs) Cons(z,2zs) : f(zs)
" f(cons 2 Nil) "2 case cons 2 Nil of " f(Nil) "’ case Nil of "2’ Nil
Nil @ Nil Nil @ Nil
Cons(z,zs) : f(zs) Cons(z,zs) : f(zs)
godgd
h(cons 2 Nil) " case cons 2 Nil of " p(Nil) 2 case Nilof 'Y Nil
Nl : Nl Nal @ Nl
Cons(z,zs) : h(zs) Cons(z,zs) : h(zs)
3.1.2 00040

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000. 0000
000000000 T[f(glv,w)))000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000000000000000
000000000000

[F(g(z,y)] = H(z,y)

where W(z,y) = h(y)

h(y) = casey of
Nil = Nul
Cons(z,zs) @ h(zs)

x=loop OO OOOOOO,y=cons 2 Nil 0 OO O

eager eager
—

f(g(loop, cons 2 Nil)) =" ...

18



eager eager
—

h'(loop, cons 2 Nil) = ...
gbobobooobobbboooobbooooboboan

3.2 0O000OO00ooooogn

3.2.1 00O

let0000O0ceO0O0ODOOOOODOODOOODOOODOODODDOODOOOO
gbbooobobbbbogobbobbooobbobbuobobbouooobo

0 321 0000000000000 bLbOOoOounbDO

f(z,y,z) = case z of
true @y
false : z
g(z) = case z > 0 of
true : gz +1)
false : 0
hez,y) = fz,y,9(2))
O0r(z,y) DOOOOOOOODOO

[2(x,y)]

= [[f(z,9,9(2))]

= [let v =g(2) inf(z,y,v)]

=let v = [g(2)] in[[f(z,y,v)] ———(a)
[9(2)]

= ldefolet w = 2 ing(w)]
~ let w = [2] inflg(w)]
= let w = 2in[g(w)] _—

0000
[9(w)]

19



= [[case w > 0 of
true : g(w +1)
false : 0]
= case w > 0 of
true : [glw+ 1]
false : [0]
= case w > 0 of
true : [let w’ =w+1in g(w')]
false : 0
= case w > 0 of
true : let w' = [w + 1] in [g(w')]
false : 0
= case w > 0 of
true : let w' = [w] + [1] in [¢'(w")]
false : 0
= case w > 0 of
true : let w' =w+11in ¢'(w')
false : 0
= case w > 0 of
true : ¢'(w+1)
false : 0
00000000 [g(w)] = g'(w)
where ¢'(w) = case w > 0 of
true - [g/(w+1)]
false : 0

(0) O

=let w =2 in ¢'(w)
=4'(2)
D000[e2)] = 4'(2)

20



Lf(z,y, w)]

= [[case z of
true : y
false : w]
= case z of
true : [y
false : [[w]

= case z of
true : y
false : w
O000(e)0O

=let v = ¢'(2) in case z of

true : vy
false : w
= case z of
true : y
false : ¢'(2)

00000[Az,y)] =k (z,y)
where h'(z,y) = case z of

true : y

false : ¢'(2)

r=true,y=300000000
eager

h(true,3) “L" f(true,3,g(2)) "2 ...
000 Oh(true,3) 0000000000000 0O0O0OOOOOOOO

R (true,3) “%" case true of 5" 3
true : 3
false : g(2)

gobuoboooobbboooobboooood

21



gbobobo 200000000000 boo0obbboooobobogn

eager

h(true,3) fazy f(true,3,9(2)) " case true of “L" 3

true : 3
false : g(2)
h'(true, 3) "% case true of "= 3
true : 3
false : g(2)

3.2.2 00O

Odbllet0O00000OO00OO0OOOOOODOODOOODOOODODODOODOODOO
0000000000 (10,17)00000000000OO(6)DO0O0O0O0ODOOOOODOO
()00 0000000000000 0000O0 cased000000O0ODODODODODODODO
gbodguodgbbouodgboodgboboobooobooooobooboboobobon
googgooboaooogd
goodoobodogdoboooggbogoodgdgoobiodin
Os210let0000000O0OODOO0O

=let v = ¢/(2) in case z of
true : y
false : w
= ff(z,y,9'(2))
where f f(z,y,w) = case x of
true @y
false : w
[h(z,9)] = [f(z,9,4'(2))
goooad
r=true,y =30 0000000000000O0000

ff(z,y,4'(2)) O ¢'(2) 0 loopO
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3.3 Uubouuobooubogn

3.3.1 00O

liuoggbbooodbobooobobuooobbuoooobooobobbooooo
OO0000o0b0ooooooboobobobooboOwadlerd OO ooooooogoo
gbobgboogobobbuoooobbbooooobod

0331 0000000bu00000oooggnoao

f(z,y,z) = case z of
true : y
false : cons z nil
g(z,y) = casez of
true : cons y nil

false : g(false,y)
00 f(z,9(y,2),w) 00 0000000000000

[f(z,9(y,2), w)]

= [case z of

true : g(y, z)

false : cons w nil]

= case z of
true : [g(y,2)]
false : [[cons w nil]
= case z of

true : [case y of

true : cons z nil

false = g(false, )]
false : cons [w] [nil]

= case z of

23



true : case y of
true : [[cons z nil]
False : [g(false, =)
false . cons w nil
= case z of
true : case y of
true : cons [[z] [nil]
false : [let uy = false in g(uq, 2)]
false : cons w nil
= case z of
true : case y of
true : cons z nil
false : let uy = [false] in [g(uy, 2)]
false : cons w nil
= case z of
true : case y of
true : cons z nil
false : let uy = falsein ¢'(uq,2)
false : cons w nil
= case z of
true : case y of
true : cons z nil
false : ¢'(false,z)
false : cons w nil
= case z of
true : ¢'(y, z)
false . cons w nil
00000[f(=,9(y,2),w)] = hz,y,2,w)
where h(z,y,z,w) = case z of

true : ¢'(y, z)
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false : cons w nil
g'(z,y) = case z of

true : cons y ntl

false : ¢'(false,y)

O O O x=false,y=false,z=false,w=false 0 0 0 0 000000 0OOOOOOOOOO0O
O0O0000DOO0o0obDOoooo

f(false, g(falsefalse,), false) “25" ... (g(false, false) O loop)
h(false, false, false, false,) ‘%" case false of %" cons false nil
true : ¢'(false, false)
false : cons false nil
gdooooououododooo
f(false,g(falsefalse,), false) Y case false of Y cons false nil
true : ¢'(false, false)
false : cons false nil
h(false, false, false, false,) Y case false of Y cons false nil
true : ¢'(false, false)

false : cons false nil

3.3.2 00O

O0000Oyg(x,y)0 x=false 0000000000000 O0DO0OO0OODO0OOOOOO
00000000000 O0yg(z,y) DOODDO0ODOODODODOOOOODOOODOOOOOOO
gboudgboodoogbbooboouobbobbooboobbooboobbod
gboboooooudgbobbobboobbooboooboogboooobobobobon
0 d
O0e00000000000O00O (total funtion) 000000 O
gbgboodobdodaboodgudbobobbuoboobbobooboooobobbbo
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34 U0O0OOO0OOOOOOO

3.4.1 00O

gbbodgbogb200budgboggbuoobagboooboaobbaobn
gboboboooobbodooaoo

U341 D0O0UO0O0O0OOOOO0O0O0OOLODOOO0ODOO

f(z) = cons x cons z nil
fip—O 00000000 DODOO0ODOODO
flip(xzt) = case xt of
Leaf z : Leaf z
Branch(yt, zt) : Branch(flip(zt), flip(yt))

0O0f(flip(zt)) 00 0000000000000
000000 [[(flip(«t)] 000000 200000000000000000

[flip(at)]

= [[case zt of

leaf z : leaf z

branch(yt, zt) : branch( flip(zt), flip(yt))]
= case zt of

leaf z @ [leaf z]

branch(yt, zt) : [branch(flip(zt), flip(yt))]
= case zt of

leaf z : leaf 7]

branch(yt, zt) : branch([[flip(zt)], [ flip(yt)])

= case zt of

leaf z : leaf z

branch(yt, zt) : branch(h(zt), h(yt))
000 O00[flip(xt)] = h(xt)
where h(zt) = case zt of

Leaf z : Leaf z

26



branch(yt, zt) : Branch(h(zt), h(yt))

L (flip(et))]
= [[cons flip(xt) cons flip(xt) nil
= cons [[flip(xt)] [cons flip(at) nil]
= cons h(xt) cons [[flip(xt)] [[nil]
= cons h(xt) cons h(zt) nil
00000[f(flipat)] = ¥z
where h'(xt) = cons h(xt) cons h(xt) nil
h(zt) = case zt of

Leaf z : Leaf z

Branch(yt, zt) : Branch(h(zt), h(yt))

xzt = Branch(Branch(Leaf1, Leaf2), Branch(Leaf3, Leaf4)) 0 0 O O

flip(xt) cagerid Branch(Branch(Leaf4, Leaf3), Branch(Leaf2, Leaf1))

yt = Branch(Branch(Leaf4, Leaf3), Branch(Leaf2, Leaf1)) 0 00 O
O000000000000000 flip(«t) 000000 74000000 ytOOO0OO
000000000000 f(flipzt)) 0000000 (z) 000000000000

gbooogo

oogg
f(flip(xt)) cagerxld fyt) " cons yt cons ytnil (150000)
oo

R (xt) “L" cons h'(xt) cons B (xt) nil S92 cons yt cons yt nil (200000)
O00000000000000 flip(«t)DOO0O0DO0OO0OO0O0DOOOOOOOOODOOO
gbooggobodgbobbogboooobboobobobobooboobbobbon
god

gooo

f(flip(xt)) " cons flip(xt) cons flip(xt) nil W cons yt cons yt nil (200000)
gooo

K (xt) Y cons h(zt) cons h(xt) nil 9V ons yteonsytnil (290000)
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3.4.2 00O

gbobogbbgboogboobbooboooboboobabobooboonooba
0000000000000 0000000 fip(xt)000000000O0O0OO0OOO
gbbooodgobooooobbbooobbboan
OoO00O000o0oooooododibletd0onooooooooooooogg
Doooobdodooogoogodletdbooooooobooooood i
goooobboobobobbobbbbbtdigdoodoooooooooooobn
guodobdgoubboobodobooobooobodobbbobobbooboon
gbooogno
R'(zt) = cons h(xt) cons h(xt) nil
hixt) 0 2000000000000 00000O00OOOOOOOOOOOOO
o (1))

where g(z) = cons x cons z nil
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1 40

Juoogodoogtdon

gbobodg3bbudbbuoobbubuooobbooobboobboooboo
goobuboogbooooboobuobogboboobooboobobooaon

4.1 OO0OO0O0O0OOOOOODOOOO0O

00 4.1.1(0) 000000000 2000000000000 OODOOODOOO
gboboboogbogoooobboboodgd

t = v
| (elty, - t))®
| (- t)®

(1)

(2)

| casetoof pr : t1|...|pn : )% (3)
VU = v (4)
© (5)
(6)

(7)

7

| c

| (f(tlv"'ﬁtk))e
| (casetoof py @ t1|...|pn t ta)®

00 4.1.2(0000) 00000000 235.1000000000070000000
gboboobbogobboobobbe2bbobboobbbooobboobboon
caselUUOO0OOO0OO0OO0OsOOOUO0OOoobDObObDbDObDOo0obOoooooann
gbboobooobbbdgsbbbobuodbbbbcasebggbooboooon
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00000000 (z¢) 0000000000000 0OOCOODOODOOOOOOOCODOO
gboboboodb zsOOOO
U000 caseDUO0O0OO0DDOOO0OO0 zsODODOO

00 4.1.3(0000000) 00000 case0000000ODOOOOODOOODOOO
gbbbbdidspbbboooobbbuobodgbbbboooubbbooan

f(z,y,2) = case z of
NIl . ...
Cons(w,ws) : ... f(zs,y,2)

gbbobdyd z0000000000000000D00

0 4.1.1(000000) WaedlerDODOODD0OD0O0DDOO0ODOOOOOOOOOOOOO
gbobobdgubbboooobbbobbobbbooobbboob

cons x cons x nil
Branch(Branch(Leaf z, Leaf z), Branch(Leaf z, Leaf z)
f(z) = g(z,z)
f(z,y) = case z of
nil : cons y cons y nil
cons(z,zs) : cons z f(zs,y)
f(z,y) = casez of
nil : cons y cons y nil
cons(z,zs) : cons z cons z f(zs,y)
f(z,y) = casez of
Leaf z : Branch(Leaf z, Leaf y)
Branch(xt,yt) : Branch(f(zt,y), f(yt,y))

00 414 (000000) 0 t000000 0000000000 z0000000O
googd

o =z
e IO OOODOOUOUODODOOOO
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e HUUOOODOOOODLDOODO

ecasel U UUOOODOOODOOODLDODOOUOOOODLDODDOOOODDOO

00 415 (00000000000) 000000 00DOO0O0O0O0O0O0OOO0OOOOO00
gbbogoobuoobbbuodbsbugbbbuoooobooobooobtbedd
U0 0Ocase U0 0O0O0O0OOOOOOOOO0OODODOOOO0OODOODOOOOOOOO
gobboogobbbodgn

4.2 O0OO0O0OO0OOOOO

Oo000o0o00booooodoboooobooooobobodWadlerOOOOQOQOad
00000000 (3),(6)000000000000000000O0let00OOOOO
gddooooouoououoooo
f(3,,9)
0o000o0o0o0ooooobodsobd0ooooodletb00oooooooon
goooouod
let v = 3in f(vy, z,y)
oo 0oooo
0oodoooooboooooooboodletdoodoobooooooooo

0 4.2.1 (0 0000000C0O0O0O) DODOOODOODOO

[+ intlist — (intlist) list
flz) = cons x cons z nil
append :  (int list % int list) — int list
append(zs,ys) = case zs of
Nil :ys

Cons(z,zs) : Cons(z, append(zs,ys))

0 O f(append(zs,ys)) 00 00000000000000000000000000 f0
000000000000000000000 append(zs,ys)0 200000000000
000000000080 0000000000000000 append(zs,ys) 10000
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D00000000000000 Oappend(zs,ys)0 wOODOOODDODODO0O0O0D0O0DOO
00 T[let® w = append(zs,ys)in f(w)] 0000000000

4.3 O0OO0OOOOO

sbobbbouogubbbboodgbbb 214bbb0000bobbboooobon
gouobuoggbudgbbogbboobboboboobbbodooooobboon
gbuoggoobuogbooooobobboobbobboobboobuoobbod
goboboooboboboooooboooan

4.3.1 0000

00 4.3.1(0000) woOOoOoOoOoOOoOoOoOoooDOoOoDoOOoOODOODOODODOOOO
gooooood

L (a) [o] = v

(b) [v] = v vew
2. [elts, ..., te)] = e([tall,- - -, [te])
3. (a) [f(ts,..., )] = [tltr/z1, .-, ta/zil]]
where f is defined by f(z1,. .., o) = ¢
(b) [f(2)] = = veW
4. [case vof p : ty]...[p, : t,] = case v of py : [t1]].. . [p;, : [t5]
5. [case c(ty, ..., te) of g, : 1] ... |0+ 1] = [Ltr/ v, - ., ta/wal]
where p, = c(vr, ..., )
6. (a) [case f(ty,... L) of pf: th]. . |p, : ¢]

= [case t[t1 /v, ..., tx/vx] of Py ty| .. |pL : tL]
where f is defined by f(vy,...,v;) =t

(b) [case f(z) of py: 8] ... |ph : 1,
= [[case z; of P :ti|...|p), : L] veW



7. [case (case t of py : t1|...|pm : tm) Of D) 2 )| |D), £ ]
= [[case tof p; : (caset;of p| ¢ |...|p}, : 1)

Pm @ (caset, of p) :ti|...|p) :t0)]

8 [f(t7, - )] = S([tal;- - [ta])
D0000f0000000004,...,408000000 0

9. [case f(tT,...,t7)° of p| : t}|...|p, : t.]

— case J([tll. ..., [te]) of 7 : [4]]- - [9) : [4]
O0000O0f0000o0oonon t,..., 0000000 03

10. [let® v© = t§ in t4]
= let® v® = [t§] in [t,]

11. [case (let® v® = t§ inty) of p| :¢\|...|p), : t']
= let® v® = [t§] in [case t; of p} : th]...|p, : 1]

12. [let® v® = ¢§ in ¢,]
= let® v® = [t5] in [t,]

13. [[case (let® v® = t@int)) of p} : t}]...|p, : t.]

= let® v® = [[t&] in [case t; of p} : th]...|p, : ']

00000000000000000(2),(4),(7),(10),(11)0 500000000000
0ooooo

e (1)ODOO
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000

e (3)000
[f(ts,...,t,)]000000000000000000000

l.gbboloboooboboboobbooobooobbooboagoboobo
gogbboooobboboogbboboooobobooobn
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2. 0000000boboobon

U 4.3.1 zy, UOODODO0ODODOODODOOODOOODODO000000000000O0

Tf(x,y)]---030000000ooooooo
Tlf(z,z)]---030000000000O0DOO0O
Tlg(z)]---00 0000000000 DO0DO0DO0OO0OO0OO0DO0DO0O00

e (5000
(5)00000000000000000000000000000 »00 v00
000000000000000000000 4100000000000000
D000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000

0432 0000000000000 0000000

case (cons f(x) nil) of
nil:nil

cons(z,zs):cons g(z) cons g(z) h(zs)

gboboobosgbbbooboobbuooobobogo

cons g(f(x)) cons g(f(x)) h(nil)

g(z)=20000000000000fO000O00DOODODODOODOOOOOOOO
obo fOoodbodbd gbobbobboobuoobbobooboobon
gogbooooobbobuooobobobuoooonbo

e (6)000O
D60000000000000M30000000000000000
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l.gbobol1oboooboboboobbooobooobboobouobobo
gogbboooobbbooobbbooodbbooobn

2. 000000obooboobon

e (8),(9)000
00000000000000000000¢000000000000000000

o (12),(13)0 00

(10),(11) 0000000000

4.3.2 UO0OOO0OOO

ggboboooobbboooobbuoodobbobbobbbooooboooaoob

00 4.3.2(0000) 0000000000 OOOOO

N[ = 0
N[ = 0
Nle(ty, ... t)] = maz{N[t],--., N[t.]}
N[f(ts,....tx)] = 1+max{N[ti],..., N[t.]}
Nlcasetoof py : t1|...|pn : ta] = Nto] + maz{N[ts],..., N[t.]}

Nletv = tyint] = maz{N[t:], N[t2]}

goobogoboboao

00 43.1(000000000O0O0O0) ODODDOOO nOODOOOOODDOOORDOO
gboggobuodbogobuogbboooobobobobboobboboboobbod
gbooogbbbbodoooobobooadgd

(00)DOD+«0ODDDODODOODOODODODOOOO

000 1(00)0t=+»0 0000 ()OUOOOUOOO0ODOOOOODOOOOOOOOO
ogboouooboobobon

0002 (@0000)0¢=c(ty,....t,)0 000 ty,...,4,0000 N[T[t]] < N[t] O
00000000000000(2)000000000000
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le(t, -t = e[t - -, [D)
000000000000000000

Nle(tr,- - ta)] = maz{N[t:],..., N[t.]}
gogboabod
Nle([t], - D] = maz{N[T]],- .., N[T[t.]]}

00000N[e([t], ..., [t])] < Ne(t,-...t.)] D000

000 3{0o0)ot=f(ts,...,tx,) 0 DOOODDOOODODOO

000 3a0000e0000000000 000 t,...,40000 N[T[&]] <
N[t]000000f(t,....4)°00000 )00 f([t],...,[t])°0000
000000000000 14+ maz{N[t],...,N[t,]} 0000000000
000 1+maz{N[Tt:]]],..., N[T[t.]]} 00000000 N[T[t:]] < N[t]
000 N[T[f(t,....t)]] < N[f(ts,....t)] D00 O

000 sbOOO00000000000000000 0000000000000
0D0000000000000000000000000000000000
N[T[f(tr, ..., t)]] < N[f(tr,.... )] 00000

0003000000000 000000000000000
1+maz{N[t],..., N[t,]}0000 t000000 100000000000
O N[t[te/ve, - ta/va]] = N[f(ts,..., )] 000000000000000
0000000000000001et00000 1+ maz{N[t],..., N[t.]}
0D0000000000000000000000000000000000

gobogno

000 3d000000O0000ooooooD ooo0O fun(eq,...,ze) OO0
ggbbooodgb1bobooboobbbooobb1boodan

N[T[f(ts, ..., t)]] < N[f(ts,....t:)] 00000

000 4 (cased )0t =casetyof p; : t1]...]p, : t,0 OO0O0OOOODOOOOOO
Oooooooooooooooood

00000000t =v00000 000 ¢,...,t,0000 N[Tt]] < N[t] O
000004 0000000000000000000000

37



maz{N[t],..., N[t.]}00 00000000 maz{N[[t]],..., N[[t.]]}0 0
gooddooodoooooooon

0000000000t =c¢(t},...,t,)) 00000 (B)00000ODO0ODODOOOOO
000000000 maz{N[ti],-.., N[t} + maz{N[t:],..., N[te]} 00 O
0000000 Omaz{N[t],...,N[]} + N[t] 000000000000
gobooodgobon

000000000t = f(¢,...,t,) 00000 (6)00000000000000
00000000 L+maz{N[t,],..., N[ti]} + maz{N[t],..., N[t:]}00 O
ODo00000ooooooboooobooooboooooobooonogletod
000 1+maz{N[t],..., N[ti]} + maz{N[t],..., N[t]} 00000000
gbdootuououotuouoououououoboooooooood

00000 cased t=casetoofp] : ¢} |...]p, : L0000 (7)O00O0O0O0OO
gobboboooobboodon

N[to] + maz{N[t], ..., N[£.]} + maz{N[t\],..., N[£,]}0 0000000
oo

N[to] + maz{{N[4] + maz{N[t.]},..., N[t.]}},

. ANTE ]+ maz{N[t],...,N[t.]}}000000000000000000
ooo

00000 letOt=letv=¢, in#,0000 (11),(13)0000000000000
gogboboooogn
maz{N[t], N[t;]} + maz{N[t1],..., N[t ,]}00 00000000
maz{N[[t]], {N[t,] + maz{N[t.]],..., N[t,]}} 0000000000000
ggboobodaono

000 501et0 Ot =letv=tyint;0 let000000 (10),(12)0000000000
000000000 maz{N[t], N[t,]}0000000000
maz{N[[t]], N[[]]}000000000000000000000

googdan
gboboboogbobbodaoooo
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00 4.3.1 (00000000000 0ODODOOD) DDODOODODOODODDOOOOOOO
ERERN

(00)OODO0DO0Do0OO0OOO0oO0O0O0O0O0O0O00000000000o0O0ooooooO
gbobobbobooooooooboobboooobbobbbooouoobb oooooo
goboboodoboboobboboobbooobdooogoboboooboon
gbuodgbbodbbboobbobobuoobboobodoboobboobbobbod
gboudggooobboobbboboobobobboobboodgbbooobbobobban
gbooobgd

googdn

4.3.3 0O0OOOOO

gbuouoobuboboboobobuogbobooboboobooooboooob

00 4.3.2(00000C00000000OD0O0OOCO0O0O0) DoOOoooooooDoOoOO
gooboogbbobboooobboboogdad

(00)0DODODOODOO0OOO0Ot > 0000000000000 0D0O0O0OO0OOOOD
gooooooooad
goodoodgoooslgoouooooooodooodooogoooooon
doododooooooooooooooobooooooboooooooon
gobguotoooooobutooouuooooubooooogoooooooo
Olet0 0000000000 DOOOODOOOODOOOOOODOOODDOOODODOOOO
Od0doOdO0Olet0 000000000000 DO0O00O0O0O0O0O0OOOOOOOOODOOO
oo gooooboooooboooobooooooooa
doodooooooooboooooobobooooooboooobooooooon
oot ogooobooboobbooouboooooon
000000000000 0000000oooOvalveOOOOOODODDODOOOOOO
00 0000000 bo0s,00000q00000o0oonootooonoonoode;00
O Ot;o; = 5,00 O[ts]los = ;0000

00000 (1)0000 0D000000000oo0o0Ooo0oo0oooooo
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00000 (2)0000 000000000 7[d=¢000000000000000
0000000000000 000000000000000000000000
000Vi € 1,...,k0000¢ >T)000000
c(ty, .. t) O e([ta],-.,[t]) 000000 Oe(sy,...,s6) = eldy,...,dy) 000
0000 es,...,s) = e(dy,...,d,) 000000000000 s, 000000
D0000000s0000000000000000000000000000

c(tr, ... ) D e(Tlt],...,Tlt]) 000000
00000 (3)0000 0o 200000000000

bbb 3abbbogpobobbooooobbbodlb boobouoooobobooo
gbboobboodbboooboobboobbboobbooobob
ggbgoboobobbobooobboboob

000 3b000000000 f(t,...,t) O Otfts /a1, .., t/z;] 000000 Ot
goboooooboooouooooobooooobobooooonod
bbb oonoooognod
goodooonoooooooooobooonoooooooooont
goouoooooouoooooobooooooooood
F(s1yooysk) = f(dy,...,dy)

— tldy/xy, ..., dy /o] DO OO
O000o00oooooooooog (zq,...,2,) 000000000O0O0ODOOO
tldi /21, ..., dy/2] 2 d0000000000 n+m+1000000000
goooooooo

ts1/z1,...,s0/z] " d 000000000 10000000000000
tldi/1,...,d/2,] 00000000000 Otfst/e,...,s/e] 000000
oooo
gooooobooooiooooodooooooooooooooood
goouoooooooooooolgodooooooonoo

00000 (4)0000 ODO00D0D00O0O0O0000000000D0OD0O000OOY: €
1,...,k0000¢ >TH] 000000
casevof py : t)|...|p) :t! 0 Ocasevof p) : [¢i]|...|p,: [t 000000 0vOO
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000000000000000000 pi(dy,...,d)00000000001000
00 #[d/a1,...,d/z,] 0000000000 100000 T[][dy/x1, ..., de/ ]
000000000¢d/2,...,di/zy) & TE][d/2,...,di/a) 00000000
0000000000000

00000 ()0000 case c(ty,... tg)of py:ti|...|p,:t, 00
Uty fvr, ... te /o] where ph = c(vy,...,0,) 0000000
000000000 (p)0o000o0o00oo0o0o0ooOo0oUoOoooooOoo
gddubdbbooooooooouobooobobbbbooooon

bbb al000 OUO0O00O0O0O00000000000U0O0O00OUUUOO
gbbbbboobodobbuodoboobbooobboobboooboo
00000000 Oc(s;) = o(d,) 0000
gogoogg
case c(sy) of p| : ti|...|p), : t!
tild1/v]0
00td/n] = ¢t0000
gbbbodobobbiUs,bboogbbuooobbuoooobbaonooon
0 Ot[sy/vy] "= ¢
#d;/v,] 000000000000 0¢s;/»] 0000000000
(s;) 0000000000000 00O00O0O000O00O0O0O00000 ¢(sy)
ggbobooogboboogbobbodaob

gubdoooooobooon

= case ¢(dy) of py : th]...|p}, : t —

oo pbdbO0O ODOOLOOOODOOOODDOObLDOObDDbDOObbOOObDObOO0
gboddgoooobbdobodboobobbobodboobobobobn
gbobboboobaobuoobodgbooboobabobboboobaobb
gbboogoboooboboboggbooobbobboobboognbo
ggdoooooobbbouooubbobooooboboooon
case c(dy) of py :ti|...|pl, &, — ti[dy/vq]

t!ldi/v,] 00 0000000000000 QO0O00OODOOOOOO
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Ob0dcOUO0O0 ODOOOODOODODOODODOODDODOODOObDDO POO
gbboogobobobbobbtoobbuooobbodobobobodonobo
gbbodgooobbobbuoobobbooobbuoooboooboonobo
gbboodgbiooboboobbboobbooobbogobboooogooo
gboodgobobobuodgobooubbbbuooboboodbooggoo
gbbodobbodoooboobbooobbuoooboboooboboooboobb
gogbboooogn
case c(dy) of pi = t}|...|p}, : ¢!, — ti[di/v4]

t'ld,/v,] 00 0000000000000 C00000ODOOO0O0OO
0bddedd000 ODQOOOOOOOODODOOOODODODOODODODO
gogbobuooobodobgobbduoooobbbbbooooobbbobon
0000000000000 00000000000000c(s;) = <(d)
gobooogoobod
case c(sy) of p| : ti|...|p), : t!
tild1/v:]0
O0O0O000O0O0O0O00D0td:/»0000000000000000O0OO
gdbbtblUn+100000000000
O0ooooooooooooootdg/vwoooboooooooooooo
gbi1oooboobbbboddqbbobbbobobobooobuoboboong
ggbbooouobobooobobbboooobboab

= case c(dy) of py : th]...|p}, : t —

00000 (6) 0000 D000 60000000000000ODODODO casedOO
goboodobobooobbboobbouooobbobooobbuooouoboo
gbobogdboboogob 3guguoboooobobooobbuooooooo
gbebuuobbloooooououbboooubbbooobooooobon
ERERN

00000 (7)0000 case (casetyof py:ty|...|pm:tm)of py:ty|...|p, ¢, OO
case to of p; : (case t; of p| = ¢|...|p, : t)) | pm : (case t,, of p| : t}|...|p, : t)
bbb odoudguububbbbeasel OO Ooogoooogoyg
oo duouoooboooouobobobobbobobbbbobobn
00O000se = pi(dy,...,dy) 0000000000000
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case (case sg of py : 1| ... |pm  tm) Of DY 8] Lo |p,  t)

!
n

= case (case p;(dy,...,dg) of py:ti|...|pm i tm)of D) i th] .. |0 it

/
n

— case t;[di/z1, ..., di/x]) of p ot . |ph ot
gbobooooon

case sg of

p1 @ (casetyof pf:ti|...|p), 1))

Pm : (caset, of pj:t)|...|p, :t)

= case p;(dy,...,d;) of

p1 : (casetyof pf 8| .. |p), 1)

Pm : (caset, of pj :t)|...|p) = t)

— (caset;of p = t)|...|pl t!)[di/ay,. .., di/xk]

Ubz,...,z0 ;0000000000

= case t;[d1/x1,. .., dp/z] of Py Y| |pl c
sstbbogboboobboobogbobobogbobdbboobooobann

00000 (8)0000 00000000000000000000000000V: €
1,...,k0000¢ >T[) 000000
Fltr,ot) O f([t],. .., [t]) 0000000 f(sy,...,55) = fdy,...,d) 000
0000
F(sh, . sk) =2 f(dy,...,d,) 0000000000 s, 000000000000
D0s0000000000000000000
00000 f(t,...,t) & f(T[t],....T[t]) 000000

00000 (90000 00000000000 000000000000000Y: €
1,...,k0000¢ >T]000000000V: € 1,...,n0000¢ T[] O

ogoood
case f(t7,...,t7)°of py : t}|...|p, : ¢, 000000000
case f([l,.-, [l) of 7k - T4l I, + [44] 0000000

case 0000000 0OO0O0OO0OOO0O0OOOO0OOODOOOOOOOOOOO
000000000 f(s,...,s) 2> f(d,...,d,) 000
<n

0000 f(s),...,s,) =2 f(dy,...,d) 000000000 f(dy,...,dp) 000D
0ooooo
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f(di,...,dp) 00000000000 DOOOOOOOOOOOOO

00 f(di,...,de) = pi(d,,...,d)0D000

0000000000 case pi(dy,...,d)) of pf < th|...|p, =t — t]dy/xy,. .., dj z]
goboooaono

case pi(dy,...,dy)) of pi - [t\]| ... |p, : [t.] — [t]ldy /1, ..., dj/z) OO O OO00OO
OO0td) [z, ..., di/zx] =[]/ ze,...,d) /o] DOO0O0OO

0000000 (Yoooooooooooooooooo

00000 (10)0000 000 ¢,40000000000000000000000
0000t > [t], &t >[6]0000s = d00000000000000

let® v© = spint; S let®v® = dyint; — t1[do/v]
godooodgooo
let® v© = s in [t4] = 1et® v© = d, in [t] — [t][do/v]O

0000 tifde/v] © [ta][do/v]0

5000000000000 0C00O0ODO [s000000000oDobOoDoooo
godooodoon
OoooOooO0(lg)ooooooUooooooooooo

00000 (1) 0000 0000000000 oooooooo t,0000oooo
D000D00000000O0000% b[t]000000s > d000000
goad
case (let® v® = 55 in t;) of py : t||...|p, : t, = case (let® +v° =

doin ty) of pf :t| ... |p), : t, — case t1][do/v] of P ti|...|p, : ¢,

00000000000 let® v® = o, in case ¢; of p, : ¢|...|p, : ¢, ==
let® v© = dy in case t; of p} : t}|...|p, : t. — (case t; of p| : th|...|p] :
t)[do/0]C

gbubodvougoobobooobboood

= case ty[tg/v] of py ¢ ] .. |pl, : t,)O

50000000000000000 sp00000D00000DO000DDOO00OOn
gboooodggo

gbobobbobuooobbobuoooobod
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00000 (12)0000 D000 (10)ooooooooooooo
00000 (13)0000 D000 (11)0boooooooooooo

gooogdn

4.4 LetU00OUO0OON

let0 00000000 let0000000OD0O0OO0O0ODOODODOOOODOODODO
good

4.4.1 U0OOLO0OOOO0OOOOOOOOO

let 0000000000000 ODOOONS00O0mMODOOOOOODOOOOOOO
gbobobooogbbbboooboobbouoogbsgooubbbid casetd g
gbobogogbobogogbbobooobouoooboboobbbbooooboon
let00 0000000000000 ()00 0O0OOOODOOOOOODOODO(G)ODDOO
gooboodgobobboooobbooan

U441 0D00O0O0O00O0OO0O0O0O0OOOOODO

let w = f(2)in case z of
true @ w
false : 3
1000 g, £(2))
whereg(z,w) = case x of
true @ w
false : 3

4.4.2 O00O0O0O0OOOOOOOOOO

lete0 00000000000 0OImOO00OO0ODO0ODOOODOODOOO0ODOODOODO
O0obooboobobobouobodbodletboboobbbOo0obobe0bod
gooogo
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4.5 O0OO0O0OOO0OO0OOO

gbobgobbboobboobodbooobooboboobbooboboooba
gbobbuodggbudgoboobobbodobooobduooboobboobbboo
gbobbooobgbboooooobuooogobbouooobboooogo

0451 (0000000000000000) 000000000000 OO0OOO0OO0
0d

f(z) = cons flip(x) cons flip(x) cons flip(x) Nil
flip(zt) = case zt of
Leaf z : Leaf z
Branch(yt, zt) : Branch(flip(zt), flip(yt))
0O f(fliplet) 00 0000000000000
TI(flip(a)]
= Tllet w = filp(z) in f(w)]
=let w = T[flip(z)] in T[f(w)]
40000000 0d
T{flip(at)] = h(at)
where h(z) = case z of
Leaf z : Leaf z
branch(yt, zt) : Branch(h(zt), h(yt))

T[f(w)]

= Tlcons flip(w) cons flip(w) cons flip(w) Nil]

= cons T|[flip(w)] T[cons flip(w) cons flip(w) Nil]

000 T[flip(w)] 00000000 0OwO 2000000000000000000
T[flip(w)] =w,0 000000000

= cons wy cons T[flip(w)] T[cons flip(w) Nil]

000 THip(w)]0DOOODOOOODOwO 200000000000000000O
T[flip(w)] =w,0 000000000

= cons wy cons wy cons T|[flip(w)] T[N1l]
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000 T[flip(w)|] 00000000 0OwO 2000000000000000000
T[flip(w)] =w,0 000000000

= cons wy cons wy cons ws Nil

O00O0T[f(w)) D0D0O0OO0O0OD0OOCOOO0OO0OO0O0OOODOOOODOOOOO

let w = h'(x) in cons wy cons wy cons wz Nil
dooooboooooooooooboooooooooooooon
UdwUOO0o0ooooooobooooooo

o, Fliplw)), (s, flip(uw)), (s, Flip(w))]

000000000 0oooooO0O fip(w)y0ooo

0000 fliplw)D000000000O0OOOO

00000 flipw) D00 fliph’(x)) 00 00000000000000000000
oo wdoood wy —»w,w, —w,ws —w 0000000000 000O0000O0
00 Tf(flip(at))] = h(flip(K (z)))

where h(w) = cons w cons w cons w Nil

0 45.2(0000000000000000) 00000000 0ODOOODOOOOOO

aad
[+ (intlist * int list) — int list
fzy) = g(z,y,9)
g ((intlist) list * int list % int list) — int list
g9(z,y,w) = casezsof

Nil : Cons(h(y),(Cons(h(y), Cons(h(z),(Cons(z, Nil))))))
Cons(z,zs) : Cons(z,g(zs,y,w))

h : intlist — int list
h(zs) = case zs of
Nzl : Nil

Cons(z,zs) : Cons(z,h(zs))

00f(z,h(y))00000000000000000000 000000000000
000000000000 (A(y)000000000000000000007[f(z,w)]
0000000000000000000000000000000000000000
g000000000g0000
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T1f(x, h(y))]
Tllet w = h(y) in f(z,w)]
=let w = T[h(y)] in T[f(z,w)]

Ti(y)]
= T|case y of
Nil @ Nil
Cons(z,zs) : Cons(z,h(zs))]
= case y of
Nil : T[N1l]
Cons(z,zs) : T[Cons(z,h(zs))]
= case y of
Nil : Nl
Cons(z,zs) = Cons(T[z], T[h(zs)])
= case y of
Nil : Nail
Cons(z,z8) : Cons(z,T[h(zs)])
gddoodouoououououoouoood
Th(y)] = h'(y)
where h'(y) = case y of
Nil @ Nil
Cons(z,zs) : Cons(z,h(zs))
T[f(z,w)]
=Tlg(z,w,w)]
= T[case z of
nil : Cons(h(w),(Cons(h(w), Cons(h(w), (Cons(w, Nil))))))
cons(z,zs) : Cons(z,g(zs,w,w))]
= case z of
nil : T[Cons(h(w),(Cons(h(w),Cons(h(w),(Cons(w, Nil))))))]
cons(z,zs) : T[Cons(z,g(zs,w,w))]
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= case ¢ of
nil @ Cons(T[h(w)], T[(Cons(h(w), Cons(h(w), (Cons(w, Nil)))))])
cons(z,zs) : Cons(T[z], T[g(zs, w,w))]

= case z of
nil : Cons(wq, (Cons(T[h(w)], T[Cons(h(w), (Cons(w, Nil)))])))
cons(z,zs) = Cons(z,T[g(zs,w,w))])

— case z of
nil : Cons(wy, (Cons(ws, Cons(T[h(w)], T[(Cons(w, Nil))]))))
cons(z,zs) : Cons(z,T[g(zs,w,w))])

= case ¢ of
nil : Cons(wy, (Cons(ws, Cons(ws, (Cons(T|w], T[Nil]))))))
cons(z,zs) : Cons(z,T[g(zs,w,w))])

= case z of
nil : Cons(ws, (Cons(ws, Cons(ws, (Cons(wy, Nil))))))

cons(z,zs) : Cons(z,T[g(zs,w,w))])

gbobodoooobobobboooobbuoooobbbwboboooobbbogo

[(whh(w))a(w2ah(w)):(w37h(w))7(w4aw)]
g(m,y,v)DDDDDDDDDDDDDDDDDDDDDDDDDDDDD

case z of
nil : Cons(yy, (Cons(ya, Cons(vy, (Cons(vy, Nil))))))

cons(x,zs) : Cons(z, ¢ (2s,y,v))

0000 yvOOOO

[(y1, h(y)), (y2, h(y))]
[(Ula h(”))? (027 v)?]

U0 caseJ0 U0 caseJUDODUODOODDODOOODUODODODOODDOOOOOODODOOOOOO
wioog

yOOoOOoOO [(wy,h(w)), (we, h(w))]

2000000 [(ws,h(w)), (ws, w)]

0000000000000 000000000yOODOOO w—h(w)
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zOOOODOO w—w
O000oooooooogoogooooooooooooooo o

g'(z, wr, ws)
where ¢'(z,y,v) = case z of

Nil : Cons(y, (Cons(y, Cons(h(v), (Cons(v, Nil))))))

cons(z,xzs) : Cons(z,g'(zs,y,v))

000 wODOOO [(wr,h(w)), (ws,w)] 000 0000000000000000000
O00letw = A'(y) in ¢'(z, wr, ws)
OO000Olet00000000InO0000wOODOO200000000000000
wlhbooodobbooooobbwdbbodowbhooooobboogoggd

Tif(e, b)) = (oK)
where f'(z,w) = ¢'(z, h(w),w)
where g(z,y,v) = case z of
Nil : Cons(y, (Cons(y, Cons(h(v), (Cons(v, Nil))))))

cons(z,zs) : Cons(z,g¢'(2s,y,v))

4.6 UO0O0OODOOODOOOOOO

odbodbboobugdabd 23.1b0bboobudgboobdgbodobodn
OOoobooobooobogdletbdoboooooobobobo0oobbooobooooon
gobobogbobboboooobbbooobbuobouagooboobogan

U 4.6.1 D0O0O0OO00ODOO0oooooboobooogobo

f(z) = cons z cons x Nil
g(z,y,z) = case z of
true : cons y Nil

false : cons z Nil

flg(z,y,2))0000000000O00O0O0OODO
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[7(g(z,9,2))]
= [letw = g(z,y,z) in f(w)]
=letw = [g(z,y,2)] in [f(w)]
=letw = [casex of
true : consy Nil
false : cons z Nil]

in [[cons w cons w Nil|

= letw = casex of
true : [cons y Nil
false : [cons z Nil]

in cons [w] [[cons w Nil]
=letw = casez of
true : cons [y] [Nil]
false : cons [[z] [Nil]
in cons w cons [w] [Nil]
=letw = casez of
true : consy Nl
false : cons z Nil
in cons w cons w Nl
let0 0000000 0O0O0O0OODOOOOOO
h(casex of
true : cons y Nl
false : cons z Nil)

where h(w) = cons w cons w Nil
000 0yzOODOOOOOODOOOOODOOOOOOoooDoDODOOD

h'(z,y,z) = h(casez of
true : cons y Nil

false : cons z Nil)

where h(w) = cons w cons w Nil
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gboboogdgbbbouogobbuobooboooobbooobbboooobboon
googbbodbodoboboobboobooobuobooboobboobbooobon
goodgbbodbogbbooobuoobboobooboobbobobboooboad
gobboodgbbbododadgd

52



L O

ggddoodooooooboobbobobbobobbobboobooodooooao
gooboboboboboobbbbobbboboboboobbodoooooooooboobn
gao

gooJAISTOOODODOOOoOoooooboooboobuoobobooboooo
gbbdbodgbobbooodoobbobooobbbooobbbooad

ggboobooobbbboooobbbooobbboooobbobo

53



[]

[1]

[10]

HREEN

Burstall,R.M. & Darlington,J., “A transformation system for developing recursive

programs”, J.ACM 24(1), pp.44-67, 1977.

Chin,W .-N., “Safe fusion of functional expressions II: Further improvements”, Jour-

nal of Functional Programming 4(4), pp.515-555, October 1994.

A.P.Ershov, “Mixed Computation : Potential Applications and Prob lems for Study”,
Theoretical Computer Science 18, pp.41-67, 1982.

A.B.Ferguson & P.L.Wadler, “When will deorestation stop?”, In Proceedings of
the Glasgow Workshop on Functional Programming, Glasgow Computer Science

Department Research Report 89/R4, 1988.

0000,0000,00000,0000,0000,7”0000000000000
0000007, 000000000000 14000000, pp.573-576, 1997.

John C.Mitchell, “Foundations for Programming Languages”, MIT Press, 1998.

0000, “0000000000000000007, 00 10000000000
000000000000, pp.261, 1998.

goobg,bgdg,ggoboob, "HYLoogooooboouooobooboooooor,
gobboooodbbobt 400000, pp.447-480, 1997.

Pettorossi,A. & Proietti,M., “Rules and Strategies for Transforming Functional and

Logic Programs”, ACM Compt. Surveys 28, pp.360-414, 1996.

o0 oo“boobooooooboooooooobobor, boboooooo
goooooog, 1998.

o4



[11]

[12]

[13]

[14]

[15]

[16]

David Sands, “Proving the correctness of recursion-based automatic program trans-

formations”, Theoretical Computer Science 167, pp.193-233, 1996.

David Sands, “Total correctness by local improvement in the transformation of
functional programs”, ACM Transactions on Programming Languages and Systems

18, pp.175-234, 1996.

Seidl,H., “Integer Constraints to Stop Deforestation”, Proc. ESOP 96, Lectue Notes
in Computer Science 1058, pp.326-340, 1996.

S¢rensen, M.H., “A Grammar-based Data-flow Analysis to Stop Deforestation”,
Proc.CAAP ’94, Lectue Notes in Computer Science 787, pp.335-351, 1994.

V.F.Turchin, “The Concept of a Supercompiler”, ACM Transactions on Program-
ming and Systems 8, pp.292-325 1986.

Wadler,P.L., “Deforestation: transforming programs to eliminate trees”, Theoretical

Computer Science 73, pp.231-248, 1990.

25



